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THEREOF 

(57) Abstract: 

PROBLEM TO BE SOLVED: To decompose the organic 
components contained in an organic SOG film while 
reducing moisture and hydroxy group contained therein. 

SOLUTION: A gate insulation film 2, a gate electrode 3, 
and a source-drain region 4 are formed on a single 
crystal silicon substrate 1 . A silicon 5 is then deposited on 
the entire surface of a device by plasma CVD followed by 
deposition of organic SOG 6 thereon. Subsequently, the 
organic SOG 6 is doped with ions selected from a group 
of silicon fluoride ion, boron fluoride ion, argon fluoride 
ion, and nitrogen ion thus decomposing the organic 
components while reducing moisture and hydroxy group 
contained in the film. Consequently, the organic SOG 6 is 
changed into a modified SOG 7. 
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2. y— MtS 3, V— X • KW>#C«4jWBfifc£*l 
5. ^XVCVDISSflHT. r/KX©^I 

tc->Un>^-fkM5*^fi£Sns. f£^T. ->U3>S 
4UK5Q±lC#ttSOGJR6 3Wgj££tt«. ^l/T, -f 
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CW*3S2] ^RSffitfT.-T^X Ill b. IVb. v 
b. Vib. VII b, IVa, V a <0&®eO7C^¥^-1' * 

SOGH: K-7T3Xg£ffit A7c¥&#8IE 

A. XX. TJkll', tt. k'XVT., 5=-^>, X*7. A 
i££JBV>T S OGMIC F-7TSXg£{ix.fc¥&#S 

CW**5] ffil**l~4'W^-ftl*U3SK:Efit©*' 
■ »#S«0«it*ttK:*V»T, MKSOGBH*&«s'0 

m&H 6 ] mm i ~ 5 © «r»r*i* i *h icek ©* 

BfiWOflMBI&RW] 
CO 0 0 1 3 

jS64J±l^l»fls»«lC«0, s¥L<«. SOG (Spin 0 
n Glass ) &©ffiig;&i£:feJ:tf3KS OGBIfc/a^fcS 

mifeaajiicH?-* t> ©t-& a. 

CO 0 0 2] 

mfcJHMfe«K£SW-*J8«. -t©JBI«f&l*Hl©*ffii&ui t 
M£l*R©&iB (T&fc-ts. r/t-f^o«H) JinllEtt 

co o o 3] ¥m.<t&wiiz&^T&<b£m-£nz>mmm 

»KfcUTSOGK*t*D. ttEIBM&ftl&tm©7n 



U3>&^#&r«R©ttft'?&3. so GK&jifjiiL 
sasif* J: 5 t»i«*na. >€■©«*. 

*«JSFffljciq8«-r«t«fclB&Ki£:««ififTlxT. SEED A* 

¥aftsoGK«<$/&£i'i«. 
[0 0 0 4] SOGli:li. — «s£ (1) TS^ftSi: 

GKi. HBK (2) T&2*ISJ:3IC. ->'Jn>ffc-& 
« * fc:friaj£#££tf #* SOGJSt^J&5. 

[0 0 0 5] CS i C) 2 ] „ (1) 

CRx SiO,)„ (2) 

(n, X, Y ; £&. R ; 7MJ«Sfctt7U-^ 
£) 

±(C. CVD (Chemical Vapor Deposition ) ffilcfco 

T»jsK*nfc5>U3>*{kKK:Jt' , cTiaP"c*o. bus 

£0.5 /tm «±ET*£*MflSWffc*9y*JWR£b» 

[0006] — 3EF, ^rtasoGjitt. £mni&±. 
j?£o. 5 ~i mi? Sffi»cf*^t*^^rs. 6£t>x. *r 

<bOTTIBK:&:&. 
[0 0 0 7] UjS»U *ttSOGBHCttttttj£#*s$£ 

iJUT, B37y{t^SSi7lc^t©S'&^XJS (CF 4 + 
H 2 ) SfflUoily^lz-hA^KaS. 

WtfcSOGBUcfc:7*— ;i/S:MP-r-5f^©Xy5 1 > 

—fete Hfflfaw*fcif7#— ji'Srap-raiR 

y7 h-CVXi7^nT^S*SISOG^STfeXy^> 

[0 0 0 8] MmsoGmictt^ntf^^t)© 

©. WtKSOGBKcfc7K^*3«t^7^S^*nT^ 
-5. SOGttO*ft»ttfe«ktf««W5MEI4. C 

VD»CJ:-3T»J«SflfcS/U 3 ^{tttCJt^Tffi 
^. -5-©fc«i>. -UStC. SOGK*®Wtfe»MibTffi 
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&mmznz>. ^(D^^ttmmm^hvx^ m®* cv 

D ffi fC Jz -o TB&L £ tltc > U a >Btf tl&jWH t > £ n§ . 
[0 0 0 9] b*»U ^-tasOGMlCtt#tSI^7&^^ 

fc, #«SOGJft«l'&&sn**» J «»TJB©*>Ua>Bl 
ft*** J: D» ±JB*J:rrFHO>'U3> 

s?itJK \zit^.x^m. s o gjk#5&# icx y =f- > if £ n 

>S|*a£T*IR©7vS/>yiaa«rK:tt. #t85SOGJBI 

c^*na*tBWE»t»»»-r*fc*&. *«sog«i*«« 

ttf*. ttS!SOGll:i'7yi'ASti;fc 
0. *tB^OGI8«#^iIUTV*X#«£LTL£ 

*«T?*34<J5tD. &»te>99 h!jt»6nft<!!i:5. 
(bS. Ut^ttl'ho^l/« y /i'3> (Retrogression) <h 
t>V»5. #ttSOGRfc££tt*#«l*fl-a«»# 

#tBsoGj««>!Ratt36*a(s*. c 

^l605F4HlCOV5Ttt, CC K. Wang, L. M. Liu. H. 
C Cheng. H. C. Huang. M. S.Lin. Proc. of IEEE VMI 
C. p. 101 (1994). D tCf^b^. 

[0 0 10] -tCT. «B?l-3 0 7 2 4 7 
BRjK3n«J:9lc. *rtKSOGfitlctt*:/?X-?ffia€ 
SSTd<tT, fSSOGl*©C-S i$g-&£S i -O 

-s 1 8£K:«fl:ati\ #tRSOG0tK:$$n«4rttUfi 

[0 0 11] 04 4C, ^rWSOGJDtOttJR^XVffl 

atta©#&K»RX"** l^ts-r. na. wg&sogbi 

CDffifiX« (CH 3 S 1 (OH) 3 ) T?, ■*©BU?tt3000 

jSS ; 4800 rpmT20S>raiHl(£$-a:. SKSJffiOlSKSS 
S±IC}gfi3t$-a--5. 3fcK, a&**H«1 1 IC*''»T» 100 
tTim 200 1CT?l»lffl. 300 TCT1»M. 

300 x:Tr3o»m. «^»»a!Wiea*iT*r«s 
oGKwsic^ns. jasB#M : warn, hsji 

ttttA (RF Power) ; 500 W, lft^affi:360 , C. SS^ 
Sfcffi : 600sccE4>£*-7«rtB S 6 GJRlCfc*:/?XT«ia 

[0 0 12] H4 4tC*SV»T, 4^:74 4- lteWB&S 

^7744-2 faftss^xvaiajWKsnfcBa. ^ 
7744-3 Hif7 - 7Xvffli*5igsnT^e.i' u - 
>;i>-ArtT***fc3BiwtH;&*ifc«. ^7744- 
4 »s ft ^ ? X7»i £fls a nx fr*> 2 u - a i*j 

T^ft^lc? BMIBSnfc«0*«SOGROiS^»« 



[0013] ^7744-1 (C^-r«t'5fC. WM-f=7X 
Vfl&aiftKte, JSSc (WAVE NUMBER) ; ^OOOcnT^m 

oc^^iEc^riB^icieHr aawi h—mar. &n 

-5. ft. ftSOOOcm^ttiftOffiiRe— ^teC-H^Oi* 
ilc^il. 1 250cnr 1 ttitt©K'K tt C - HI£-&<E> 

b*>U ^7744-2~ 
4 4-4 tCjST «fc V Id. K«:/?X7ffiS!«k:l2«l3000 
cni- 1 *J«ti;i250cni- 1 #j£t©iKtf— fi£ 

ot, HBR^xvaiafciD. tttssoGiBKdsn 

[0 0 14] brt>U ^774 4 - 2 IC^-TJ: (C & 
i£:7'7X- : ?$&Sfi&ICte3600cm- 1 i><fctf930 cm^fljfilC 
*&SfcjEHT*®iRfc:— ^aOiStl*. 18. 3600cm- 1 
#i£05®iRt;-^ttH-OH, S i -OHOO-HiB^ 
CO#aSIC®Eb. 930 cvr x tt&<fiWll\i—9\tS i -O 
HWS i -Ott&©#«lCiBHf* 
^ 744-2~44-4 (CtkTJ: 5 Id. 3600cm _1 ^J: 

UC930 cm- i {r&<n®wx--{7\tn%-77X-?mwwM2 
xv»a#Manfc#«s ogbw^+©*#s»ir 

bfcfc&T'i&S. M. Bt*:/7Xvfliafc«3Sfc^»# 
Tt>. =£$SOGflg«;^#©7K#£©«TSfc#, 36 
00c«- l iJ±tf930 cirMfifi©K4Xli--*ttB*nilS«*K 
Ki7"7XVi!lIA5i6Snfc« 

[0 0 15] d<D«t5tc. ttasoGii:i$7"7X'7 

[0 0 16] SOGMtC-&*n-5>JC73'*3«ty : *SSS^ii 

SffiUTD«SOGJRK:-fr£tl«^lCJ:D. 

g|5CSUibT^a S OGM(C-g-Sn^7X7>i:b*7*— 

cn^WFa1gi^^>^>T«, CC. 
Chiang. N. V. Lain. J. K. Chu. N. Cox, D. Fraser, 
J. Bozarth. B. Mumford. Proc. of IEEE VMI C. p. 404 
(1987). ) CttbV*. 

[0017] z.n&ffi±-rz>\z\z, mzv> yv^v^ 

mm. (CV.Dftfc«fc^T»riE**lfc->U3>BMt»€S 
OG«fl!)±JH*J:in r JHK:»jS-r*Slffl) SrMffl-T^t 

mz, ±jB©5'U3>tt<tDife»jai i r*WfcsoGBift 

JUSI5lCSOGBId^tilbA</«£'5. b*^b, S 
O G JH * X y J-n y 5 -T« XStf&S K * « J& . ^© 
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[0 0 18] *-CTT, ^-fiSSOGBSlC-f ^->ffiAffiS:ffl 

tmz, ]&4 , K:^£nS7K#:fc<fctf7K®&£M^£1*5 
^^S^^tlT^S CL-J. Chen. S-T. Hsia. J-L. L 
eu. Proc. of IEEE VMIC, p. 81 (1994). #88] . I^HX 
(Ctt. J8W ; 4000Aco*rtSSSOGB^. MiX^Jl/^ 
- ; 40keY £jt«80kcV T. .H— XE ; 3 X10 16 cm ~ z 
©77^-ft>SSAl/. 425 T:-C30#lffi<Z>gtMII£SS 

<h7$<T#jfc<hEfi£n-0>S. 

[0 0 19] Sfc, W^SOGMIC-f^ffiAftOH* 
T'>'J3>*fctt'J F—TT&Z. tT. 
#^31*£;£;£/&*^S£ttT^£ CN. Moriya, Y. Shac 
ham-Diamond, R. Kalish, J. Electrochem. Soc. , Yo 
1.140. No. 5. p. 1442 (1993). #bsj . 

[0020] mmsocm\zTj^>, g 

&. mt&m (n 2 o) aso^^xviaasjfiriii: 
■e. ^tstfi!t^&7>«?s-&-573ffi ! ba^^nT^s cc. 

K. Wang. L. M. Liu, E C. Cheng. R C Huang. M. 
S. Lin, Proc. of IEEE VMIC. p. 101 (1994). M. Matsu 
ura. Y. Ii, K. Shibata. Y. Hayashide, H. Kotani, P 
roc. of IEEE VMIC. p. 113 (1993). . 
[0 0 2 1] 

[»»jWSHfeL J: 5 £•*•■*»«] U&»U WtSSOGffil 
\Z-i * >&. Affifcffl tr»T 7 .y * £ H— rr** ffi K 14. 

[0 0 2 2] (1) SEJ^KTJPS^i^/B^Sn/fcll 
£\ SOGK4 , c97-ylStJ;c.T7;i'5n'i'i=.*^it^ 
n§ CIpn. J. Appl. Phys. Vol. 31 (1992) pp. 2045-2048 Par 
t l.No. 6B, June 1992 #SPJ . 

[0 0 2 3] (2) MOS hy>z/7>#C>±lZ7ym : & 
K-yLfcSOGK#MStlfci^, SOG^CD? 

ttEdSgftTSftl:. MOS r«5>^^0*?«rtt3i« 

ttH-tt £ teg&o ifc fe © left -5 . 
[0 0 24] (3) MOSh7>yX^O±IC7yM 
h'-:/LfcSOGM7i^j&£*u V— X • FKXB« 

a« y > * o > «^*E#ii£«i[ ic «k t s nx lr» 

[0 0 2 5] W^SOGKfC-l'^->ffiAffi«rffl^ 
'J>t^SJSbTU >l£ (H : , PO, ) 75^fi£Stl, 

co y >® «t r> x 7 )v 5 - s n 5 1 1» ? hh 

[0 0 2 6] fUT, ^SOGMfC-1-^->aA}£S:iS 



Kite. SOG855ro®mt4^iS<^cOJSRfliffi^MtLT<D 

[0027] *«wfa±EWHj*is»*rafc»K:m:a 
i) soGMic^sn^7X»*5«tD:7K^fi&SJ / >2-a-2) 

[0 0 2 8] 2) SOGMC^3ms#$fiJc7>£#fl¥3 
tSiSlc. IK*K^£n57j<#£cfctf7fcS£ffiW>3 

3) ^Stele&n. 7]WX>Fk*7&£^^&£[miEi-r 
[0 0 2 9] 

tt. SOGmfC-f^->aA<&fT5XSS:ll^.fcC:t<£r-5- 

[0030] mxmz ;Fffitt#x< * 

>. Ill b. IYb, Vb. VIb. VII b, IVa. VaCO 
[0 0 3 1] i8^3»cE®»fEWte. ^FfSffitfXl'* 

>, *n>, gig. k^. -r^o. mm, t^u 

X. -^-y. A7-7A, ^>^;i/C07C*m^ 

ft -f ^- > ^ e> f«c -5 ^ 2tR £ nfc4>& < i t) — 
•z> <D-f ^ -f ^ >tt AS S O G® H - ^"T 

[0.0 3 2] «*«4lcBB«0»Wtt. ^M14^X-f^- 

e. Tcjg oDfb-&^i -r * > 36: * ^ Ji— e. siR s nfc 

m\z K-y-r-sxs^oitAfccits-ecDsefrso 
[0033] m^m5\zmm.(o^BMit. w*«i~4co 

tflta S O GJSm#t8& S O G^SfcttMta S O 
[0 0 34] ffi$tm 6 ICE* Wf£?S tt. m&9t 1 ~ 5 CO 

is. z ntz s o g m nmm <o m m&sm tvxm^ 

[0 0 3 5] 

(^lS^jffi^) £^T» *5!0JS:^^kLfc®l|g^ 
[0 0 3 6] SI (a) IC*T«fcPlC (10 

0) pa (sfcBnS) v^->'j3>a«iro±icy 
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-htt&&B.2 (MS; 100 A) fc«fctfy-h©}§3 (SI 

•Ji!; 2000A) ftBlSLZtt. ^bT. f— Y^B. 243 

hms 3 £ vx ^ t-r^-r #>&\m&m 
s^ncns (*fc«p^) wi^k— 7$n. v- 

[0 0 3 7].&tC, 01 (b) fcjR"r«fc3lC, 77X7 

(JSlJP ; 1500A) fiWlfcZtlZ. ft. uO^XvCV 
DffiTfflV»e>tl-5^Xtt, (S 

1 H., +N a O) . ; &/->7>tSE5g (S i H* + 

0 2 ) . TEOS (Tetra-elhoxy-silane ) £M$i (T 
EOS+O* ) fct'T-i&D. j£S&SSte300 ~900 

[0038] m^x. mi (c) cjs-r.fcsfc. ->un 

OGBI6Wifflfi£tt CCH., Si (OH) 3 ] T% -£©&S 
J¥«4000AT-&*. ST, iftlHifc&fifc© 

^yaMt-g-^ox^/ — ;i-gi3iSSS l ©±fc8STb 
TS«*lH]|sjlS ; 4800 rpm-C20#P^telK$-a:, 
&©^£g«l©±C^/££-fc»--5. d©£#, ^"©X 

wu\z\tm<. *rv>thmz\m<. ©n&Sfp-r^j;^ 
tt^sft^n-a. £*#H«»f tc#nx; 100 1: 

XI #5*1. ZOO 'Cei^M. 300 TCT1#M. 22"CX1 
#P.g. 300 rT30#RS, 03fe«HttgJ&*i6SnSfc, X* 

fift#8l S O GH 6 n-5. 
[0 0 3 9] *UT. -f *>ffiXSJ*fflt>T«Er*5 r 
t>WRti tXfc— ■PO'f :*>£:*r$J S O 6 (C 

bj&^Sfttt^SOGK (filT. wsog 

[0 0 4 0] ^IC, 0 2 (a) fC^fctpC, 75 XT 
CVDS^M^T. efeKSOG«7<o±k:S/U3>K{t 
(MJ?: 200 A) S^U3>BMtK8 

[0 0 4 1] «E«r*T. i2 (b) lC^-r«fc^fC. B7 7 

ft*** fc**©S£#xjR*x yf-yttti* £ bxffi t» 
•5S*14x»y5 L >7^fffcn. V— X • h'V"f>«Jtf£4 
©±©=&1BI 5 ~ 8 fC h* 7*— )V 9 Wst*n5. 
[0 0 4 2] -?-©t£. 0 2 (c) fC^T«fc'5tC. X/Vy 

/t* - > fc* <k 5 lc»;&ttx f- > y *tfT font V - 
X • HK >nm (V-X • HW>E«) 1 OjWJfoJt 



[0 0 4 3] *HS6^SI©Mjt*ffi|-<fcntf, »T©f£ 

(Dv' U n 5 .h&JI S O GJ& 7 <h -> 'J n >$c{fcU8 

8i*»635c*3JH«iftoJHrattHKl l#MOS h5> 
5?^^0±t»jSSnT«r»*. e5cKSOGSg7«WtSIS 

ogK6£H«ic, ^«Sia±. 7;p*;tafi*fcfi7'J 

£tt3?7y?<0%£tf*lilHdtt. Mff£0. 5 ~Un 
SKirTSC ftoX, &«SOG|gS7£/B 

utttf. ffiMttMR 1 1 ©BUS < T * ^ <t #X 

[0 0 4 4] ®#5/'j3>»<bBl5. 8X&KSOGM 

J4. JHN&INR 1 1 ±Wii VTe>f&m&&£Zfm&m , & 
&£H6it>2>tcibX$>Z>. Sit. >>U3>BftJB5««»tJ 
6tlTt»4©tt, 8kKSOGBt7lca3S»K:«'*nT^* 

nxuscott, sfessoGK7^§i«fo*»*K«R-r 

[0 04 5] S O GSI 7 Ctt#Btfi!c^^SnT 

i/^^fcee), t*7*-;i'9^/s-r-5fc*e>wx<y5 1 >^ 

C -t©fc*. S|gX-y^>f RliS^Tv X 

t>. *©7*hvs?xh*«ffsti*::tH6:<. 

arVWT. hTTXi7$nr^^efeKSOGM7AiXy 

[0 04 6] ®gScH SOG17 tCliW«aj$^-&StlT 
t^«tV»fc*, efcKSOGBl7©Xy5 : ->^U'— hitS-is 

^ i LtfflHfc7 * vX h $|»56-rsiK07 y ->> 

fcid>, ScKSOGJBl7fc:ir7yi'*«&i;*c:4:f4«:<. 

t». ftoT, tf7*— ;l'9rtlC7;i'Sr:i>Ail*-t-»K: 
a*2itfCt^BlgglC^:0. V— X • HW >SSl 0 

[0 04 7] ©5§c« SOGI7 (Z(MTtBjtfi^$ *ft 
Un>K{tM5. 8$=t^TeJcKSOGBl7<&#ia-Cffl 

[0 0 4 8] GB23»6»tt) *K. *«fB6WWtl/ 

tz% 2 |^Jg^S§©£ljl^tt$E 3 *5 «fctf H 4 JCSe-pTSt 
WT*. W. **JB»JBfc*J^>T, Mll^JS^9i<i:lBlb 
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CO 0 4 9] 13 3 (a) KS-f<k5fc. p®. (£ 

*> «fc # y- h nm 3 sn, v -x • h w > mn 

T. xA-f XW^BtcMBBJ£^M2 lTi^fiJtStl, V— 
X • HU-f >««4 0±©JBBMftakBl2 llct'7*-JP 

-;i/2 2rt£^tfxA<x©£®K7;i'5J&attffi*g£ 

x>>^>^fftjnTV— X • FU-f>fGt5 (V— X • 

[0 0 5 0] ^(C 03 (b) \ZmT£o\z. ^A-fX 
<0±B(C^U3>K{tM5 3&^^S$tl-5. 3&^T. 03 

(c) (C^-r«tplC» ->'Jn>^t®5<©±^tSSO 
GBI6;W{2j££n. -f^>ffAJC«fc-pT^SOGM6 

fi&K sogK7 icg?*. e>n*. 

[0 0 5 1] 14 (a) tCiST«fc 3 K. 5feMS 

0GM7O±fc->"J=i>®{tM8^fiKSn, JBRttl* 

mi l^jf^sns. 04 (b) ic^-r j^ic. 

tZ3 7 y itfem inkm X & £ X <;/ 5=" > ^# X <h L 

[0 0 5 2] i^V>T, 0 4 (c) (C^-r<fc-5(C XAy 
^ m Srffl <> >T k' T ;i" 9 ft S-g-tT ^A-f X ©£B (C 7 

-5«tptC^ttX5/5 L >^7j^Tt)nT@2Sa2 3*^ms 

n-s. 

[0 0 5 3] ^cD«fc-p(C, *S*Bffi»!B-Ctt, gSlEtGUI 
H l"f >6£$l 1 0 CD_hC Jlfffl-fft&Hg 
1 lS^-LT^2BEi^ffltUT<OBS^2 3d^fi£^nT 
1^-5. uOi&Tfe. MOS h7>i J X^i5j;I/^lBa 
MB C £ft <SB 1 

[0 0 54] SOG17 OfBjg* J; &Si#t£) 

^fc^^ai^s. escHsoGm7©^jatc^>^T«, 

FT-IR (Fourier Transform Infrared Spectroscopy) 
ft. SIMS (Secondary Ion Mass Spectroscopy) ffi. GSR 
(Electron Spin Resonance) ffi. TDS (Thermal Desorpt 
ion Spectroscopy) J££/iH>Ti¥fflfiU y^X^IWl. 

5§:KSOGM7CD«^M4$14(C^^T«, T^SX^A 
fS4ffi^/:MOS (Metal Oxide Semiconductor ) 
^A->^£{£SL. S5JS&CV (Capacitance Voltage ) 

[0 0 5 5] Iro^tCSLT. Hfttt. ^5XVI 

iffflBUfc. tds m*m^xmst-rz>tf7.*ttm 

U FT-IR ffiCJ;S$«iR^^? V)V (FT-IR X^£ 



Lfc. SftStt^Jjc^ajSttCO^Tti. £MJ->JU-A 

(PCT) SfT-3fcfifi^O^©lRX^i7 hJlrOfgfclCftB 
iTMbfc. §SOGK6. 7©I)?H [0rBSEM(Sc 
anning Electron Microscope) tix&ffl^TWMVfz. & 

soGi6, 7 <Dm^.m^mt, (ioo) nsmt&A 

Ai/^iMl/, iSigifeCYfiE (M«; 1MHz ) <£ffl^ 

5>?#X(H2 / N2 = 1/9) ^"C450 "CT15^0gftj!aa 

[0 0 5 6] [A. eSc3tSOGK7<2#ligg{t] 
<A-1. &nSOG®.TP<D{£¥%i& (FT-IR ft) > 
0 5K. 5fTKSOGM6Cffl«<D'f^>#&A£ftfcia 
^W#«iRX'<i' h^i&FT-IR ffifC«fcoTiM5tb;£33 

140keV. H-X*fi : 1 x 10 l6 cm- 2 T& 0 . -f^>aA^ 
1C300 X:T2QftN\<D&MWWftt>nZ>. -f*>i£ 

a& (Df&tem \z-d ^x\t% »x t> |s]j£fc;!gsi£f§ 5 c: <t 

[0 0 5 7] 0 5lCfcV»T. ^7 7 5- 1 ttfrtStSOG 
M6©»fiicfi^ (-f^->ffiA^fTt3nSflf|) . 
-2tt7y{t->'Ja> (S i F 3 ) -f ^">*iffiA$tlfc 
IS^. ^775-3tt7y{C^a> (B F a ) -f*>a« 
SASnfeBS. i7 r 77 5-4tt7';P=r><^->>CitffiA 
Stlfctt^. ^7 7 5 - 5 li'J t>^tAsnfcs 
^. y775-6tt->U3>-f^->^aA^tlfctt^. 

5 -- 8 «7 y ift-f * AS nfcut^ WScK SOG1 
7COg5tfl-©JKX^ r-;l/Tfe-5. 

[0058] ^775-1 (c^-r±^t'» -r^->aABU 

iCtt. (WAVE NUMBER ) ; ^SOOOcm-^nSOctD- 1 ^ 

L. 1250cm- 1 ftjfi(D®iRlf-i'ttC-H^©^lce 
H-r-5t)©7?S-5. L^L. ^7 7 5 - 2~5 - 8 IC^ 
-f ^->aA^Ctt*<)3000cm- 1 *5«fct;i250cm- 1 

#jfitc©JK£-:?a<fi.e>nfc^. sfe. ^775-2~ 

5-8lC^1-«k-5lC. £EA-T-5'f^->ffi$:Sx.T : b5ScH 
SOG17 W^KiKX^ L^Vi CI i^t> 

a**. ^t>x. -T^->^aAsnsc:t-c, wtasoG 

[0 0 5 9] tll^T, '3cISOGK7 t*^*JJ:t/zK 
5!ia*)SSUfcJi-&OJ:-5t. 3600cm- 1 *3«fci;930 cm- 1 !* 

jfi \z7kwt& \z&®-rz>®LW.¥->7&3.*>tiz>\Z'r-e& 

•5. SBOOcm-^jfiW^iKhr-^ttH-OH. S i - 
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0H©0-H*S^O#aS(Cgiab. 930 cnr^jttWK'K 

tr-^tes i -oHcos i -o&-et<DtiiM\zjgm-rz>h 

©T&-5. L7&>U ^57 5-2~5-8fc:{i. -£■©«!: 
ftfcfif&Kte, ^T«SOGJK6fCtk-^TeScKSOGBi7 
•5. 

[0 0 6 0] H6K. *rtKSOGM6(C-f^->^aAS 

[0 0 6 1] 06(Ci3^T, l«#tKSOG 
ffit6©fl2/£il&, ^776-2tt-r^>^SEA^nfcit 

-ArtT?*««fKiaiwiB;£nfc«. ^76-4a-f 
BKBS^nfc^oescKsoG^yw^KiRT.^^ hp 

[0 0 6 2] ^776-2~6-4fC^T«fc-5»C -f^ 
>£ A^ff t>iXTfr 6 ttffl 3600cm- l *3 «fctX930 

cm-M*ifi©»«K--*ttKi:A/£*S<J&:&£»'». 

<fc5K:. R*:/5Xvfflaa«Maftfc*r«soGjii-e 

tt, 3600cnr 1 :fcJ:tf930 cm- l #ifi©©iRtr— £j&tB#K£ 

tf&Stt&flrtKSOGRfctt/'CT. &3CSOGjyi7©© 
iSte te{£T LT H 5 C «h &t>frZ> . 

[0 0 6 3] 0 7*3«fcDt|gi8lc, *tSSOGK6(CffiA 
T -5 -f * > © H -Xg £^{L * -a-fctt-e-OfRnRiR^ ^ 
d7 h;|r$FT-IR ttk:J:t>TWJ£U&lt*fcjS-j-. tt. -f 
*>ttAOftfrHt. 0 7 fcaRT©tt»»x:fc>l^-- ; 30 
keV Ol^, ^ 8 fw^-TcOfiiPiSx^;^— ; UOkeY© 

«6"?&d. -eti-?n-r^>aA^{c3oo ic-noam© 
o. -f*>a*«^.T"bacKsoGa7o**KRffix^ 

[0 0 6 4] H7 45«fct/H8{C*^T, ^777-lfe 
J:tf^?7 8-lt£4rttSOGJR6 0JBj&I&& ^77 
7-2*5«ttX^778-2ttH-Xfi ; 1 xiO"cor a , 
>/77 7-3*3«t^778-3ttH-Xffi I 1 X10 1S 
cm" 2 , ^777-4t3«fci^y77 8-4ttK-Xa : 1 
X lO^cm- 2 ©^©^*!-®"!**^^ h )VZ$>Z>. 

[0 0 6 5] i^777 - l~8-4(C7R-r«fc-5tC. -f^- 
>© H— Xa#i8x.-5&£3600cm- 1 :te<fctf930 cm^ttifi 
©©iRfcf— J*«/hS<ftoTM. ^T. i£A£ft-5 
-f*>OH-Xttftlt J «>-rJltlC«tiJ. &MSOGK7 



ffiU F-Xfi:l xio 14 car 2 ©ig£-»;:te, ttSSOG 
JH 6 (DWtfmik*. 0 %m<P tc^ £ n-5 tK^*5 «fc tfzK&fi 
jWBjfcUTH*. Uj&»U 04 4JC^T7 r 7XTi!iaS: 
tSUfc«dt:tt«^titf. -t©it*©»att«aT*h* 

[0 0 6 6] £©«fc5K,. *safi»ffiicj:ntf. &Wts 

OGI7 C££tt£*#££tf tltt»£: 

fttftsoGSteex^/Xy^-rsxaettitac 

;P9lc*3tiTJP'TX>Htf77 k «t£0^ 
&a<jEcs©&l»±r£c<i**T-£-5. S£oT, 
JMBlCfctttf. *tftSOGjRCtt*:/?X'?4L9£&-r 

[0 0 6 7] 191:. #t3ESOGK6 lC7;P=fW 

j£x*;i^— ; MOkeV, F— Xfi ; 1 xi0 ls cor 2 -e& 

[0 0 6 8] &KSOGR7-?l&. -CH (»3000c«-» 

ttifi) ^Si-CH, (1250cn- l ftiE) {cKT-SKKt: 

— d/^sn^v*. c:fttt#«soGK6*©*rtai$# 

^iWBbfcCtftSiftbT^*. O-H (3500cm 

-ffi) -?>Si-0 (I100cm- l f=fifi) ©KK^glCte. 

a. 

[0 0 6 9] y^z/MiJFSttftTCJlSTr**©'?, ffiA 
Snfc-f sJ->«*©x*JI'**«. ±Eiia©3E*:*»H 

tt©-f*>-e , bi?i«©is»**»6nT*o. &vr*-f 

UTV»*. Sfc, #»SOGjR6+K$SnT^afl:¥ 

Jg-&©e£x*;MF— (S I - O: 800kJ/moI. S i - 
C: 452 kJ/mol. C-H : 338kJ/mol, O-H: 428kJ/ 
do I ) IzMBTZt, S i -0©jS-&X^=f-ttffi© 
»*©2ffifi***V». tOMSiUT. S i-O^ 

v>4t#^en-5. s^ic eScHsoGm7©#^©iR 

X^i7 hJHC*(r»T. 900cm- 1 #j£«k2100~2300cm-MC 

©©iRtt, S i -H^lcp-r-5 : b©<*:#x.e>n5. 
[0 0 7 0] <A-2. K3RBJe(SII(S ft) >H 1 0 

X) ©3ttE©#»«H'<*::£*B«£LT. -f*>tt 
AlW«t©«*iBa©S**ift»*k:"3^TSIIIStt€fflV» 
TlMliUfclS»*wr. ®> -f^>ffiA©*fr«. »nM 
X*.;l/^f— ; 140keY, H— Xfi : 1 X10 ls cm- 2 T*-5. 
H 1 0 #> 5 . A - 1 . TJE^fc J: p tzHmOL&IMM ^ 
Tt>. f5^:^^:©B^^JM?«IK+^cSSbT^•5C^:^ 
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• «*tt*«ttfc£*e«fl:-&r. sa^tc® 

[0 0 7 1] fSi, RBS (Rutherford Back Scattering 
method ) lcJ:*K«f ©^JR^ROittt. #88SOG 

16TSO/S i ; 1. 67, C/S i ; 0. 3 . WSOG 

JK7t?«0/S i ; 1. 72. C/S i ; 0. 3 

[0072] -is, mmzf^x^^m^m^xikn^tc 
mmsoGmefovim (y^x^mmnm x 

10 22 cm " 3 ) #1 X10 l *cm - 3 ffl&\zW}>1r Z> Z\ 
lC$B&2*lT<^-5 CC K. Wang, L M. Liu, H. C. Che 
ng. H. C. Huang. M. S. Lin. Proc. of IEEE YMIC. p. 
101 (1994). #88] . -f ^>aAffiSrffl^fceScHSOG 

[0 0 7 3] <A-3. ^>yU>y^>r J (ESRffi) > 

hi i tc. ^-tasoGMecT^rfw^-^'aA^n 

— ; 140'keY, F— Xfi ; 1 x 10 ls cnr 2 T-i&3. 

[0 0 7 4] #4&SOGM6Tte. SffiSBtC#ffi-r-5 
Pb-fe >$> (g=2. 0064) nts.fr -oit. Z\<Dt£ 
WPb-ir>^©®SStt3. 2 X10"cm ~ 2 T&ofc. — 

#. &Mso-GEi7-ete. Bi*<i3y>{f*)>ir#>Yb 

= 2. 0025)*<«38Sna<t-5.t&*. d©t€r©^© 
y>yj >y#> H'OlfKli3. 0 X10 ,s cm- a -CSt5 
fc. — 01 O0ft£&K£«£#fi£fRa-rS£ft 

ush^cob&kw:, 5 xio i7, cia- 2 t^:2). mm\z\t^ 

^fri ±X<OSim<D&£¥fr'&t&'&t?3o'2 

2 X10 ie cm- 2 ©^>yu >^>Kdi#ffi-T ; 5 
C j8RK«»*nfc«*©^>y 

U F©B&ffi#3. 0 X 10 15 cm- 2 1?S-5 II <fcj&> 

Mm, mm. ■>'j3» i^uT^^cittc 

3 SIC. JB*fc**©»^KHr*« 

CB. &KSOGl7ffl?c)£tfi 

<b-i. w»tt>B»tt©*«tbT. sr. ws 

OG«7©I!OT«^fcif lUTffNBUfc. 0121;. # 
tBSOGK6K7JW>-f*>*ttAUT»*bfci!kJl 

S O GH 7 £gSS#Ha*T30#F B 1©^&a£JSbfc £ 
*©«J«e<fclC"3lr>T3Rr. «f st^ffiA©**!*. 
JjDjUx^;!/^— ; 140keY, F— Xfi : 1 X 10 ls cnr 2 -C& 



[0075] #«soGK6k:»iaa*i6Ufc*^. & 
mwug.frM<t£z>\z'&-DTmmfrm<!>-rz>. znmm 
awn*. ftAa&Kfttx < &*k bfc*«oTffli3W«»c 

&5£<k#I§{HT;&5£#;Le>n-5. — &KSOG 
ffiJ7tt800 XlXl&mWlsX'bmmfrM'PlstS.^. 
ai:KSOG)K7CDJKJ?«*-fc3iSOG^6*800 TCTSMl 

aLfcw&oBWfcrassEK&oTirss. una* 6. & 

ISOGl7Tlt #tasOGM 6*800 XJTSSiaab 

[0 0 7 6] <B-2. J»BWJ{f^«tt>H 1 3 C. *T 
tt S O GJK 6 \ZT)Vzt>-i *>£&A LTMlfc&I 
SOGJBl7tS*a:HjR-C304J-fBOj»«lg*lfiU. FT-I 

r m&m^xt$mvrc&%;tt-r. 400 ic«±©»«ia 
T?tt. aas±»faicbfc3&»-3T. si-Hcwrst 

^jHJStliKiRt;— 5'(900cn- 1 #jfit2100~2300cm- 1 ) 

[0077] ai4i:. efeKsoGK7&ssii?fflStTr 

S04MSJ©SRJtta£l6U TDS jS6*ffl^TffP«bfctt*S 
»r. ft. ina&x*ji^- • 140k 

eV. F— Xfi ; 1 xio 1s cd- 2 "C*-5. 

[0078] 400 Tca±©jsnaai?r4**ojitt«a<HW ■ 
ana. ft-ir sraesistifcs i -HciirstfSi 

S*l*««K-^0*»t«l«l35*-ar<bO"C, S i - 
dCDjgm. 900cm _1 f ; tiai:2100~2300cni- l tO 

rat, cn*T{c$50$nT^&ti. 
[0079] -f *>saxr«;iit?»riEan*s i - 

m (.®/-?jimz®)$.-rz>Dzmfrz>MMvtc7km> ©s 

*i*A*isn«. rate*)*, »*^»«**»««r*c: 

[0 0 8 0] ae>tC. TDS j££jafr>TefcKSOGlt7£ 
#tSSOGK6iSJtlJSLfci:d^). efeMSOGM7tC 
*5tt-5Sm/e©ffl*f^ffitt. H 2 (m/e=2) ; 13, CH 
.•,(m/e=15) ;0. 1 . H a 0(m/e=18) ; 0. 1 . CO(m/e=2 
8) ; 2. 4 . C0 2 (m/e=44) ; 2. 5 T*S. — 
OGK6IC*»ta»m/eOffi»IME»4, H 2 ,CH„H 
2 O. CO. C0 2 TfWtJl.O T-J&-5. Z.<D£?\Z. 3C 
RSOGK7 0M, H 2 0(m/e=18) J ?>CHx (m/e=H. 

15) lcnr«BUK*«^6:< . H 2 (m/e=Z) J ?>COx(iii/e=2 
8. Wfr'&^Z.iifr'ftfr-otz. 

[0 0 8 1] <B-3. ^7Xv»tt>K*^5Xvif 
14<Dm&<hLT. ttKS'OGJR7 0jnffM^lC«glrT 
S151C, #msOGBS6lc7;i/^>-f^-> 
tttAbT»J«b&aS«SOGBl7eK*y?X^KIB 

bfct*c!)BW«{bk:-3v»T:jRr. «. ^^->aAo^ 

frtt. iwaLX*;^- : MOkeY. H-XS;1 X10 15 cm 
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' to o s 2] mwtsoGm6&&m-7yx-?\zmLrc® 

M)¥^16% M^bfcCDlCftbT. &HSOGJg|7£ 

5W>-otz. {&b, escKsoGffiS7©^j?«#tssoGm 

6ICit^T25S M4>bT<^£. UU:tf>*3fl^6>> WtKffc 
bTiSMT -5 «fc 5 titkfr T-f :* >ffi A bit*! 

[0 0 8 3] ifctc, -i xyrnxm^m^xwimmtirt* 

&Jtbfc«^®7y ^>^©tt£I¥ffib^ 0161C, 
7v»^MWlW:<Dmn^i\SL7s^i7 r>JP£FT-IR ffiT 

— SJH^T, MSIOmdi COL^* h£|&£T€r3&<*T 
fft>fc. 01 6d>£. SAX*;i,*20keY TJT^^W 
t>*iiAbti^ aRSOGK<0rt»O#«SOG 

[0 0 8 4] <B-4..*#»att£*ate>#«so 
Gi 6 xv tcie-r iW6*M###fl?-r * ci t 

Hi, 43«fctfS i -OlcMT^^nM!Sa^ii»P-r-5 
dt^UElCfgS^tlT^S [C. K. Wang. L. M. Liu. 
R C. Cheng. H. C. Huang. M. S. Lin. Proc. of IEEE 
VMIC. p. 101 (1994). . 

[0 0 8 5] fcr. -f^->ffA-eeScH$nfcescHso 

tSSOGSg6. efeKUT^&^tSSOGlKeroffiStt 

tt. ^WKX^ h;P©0-HlcWr*!RCl (3500cm 
B7;W>T*D, &AX*;l/=mi40keYT&&. S!^ 

-r^>ffiA©^-&lCli. -f3f>ffiA^C*iJPUTt» 

fc^wJtip«/h$^. sate. -f^->aAbfc^, 

*KUJQ:*-3«:t>0!JJ:D"b Oiatfd'tt fi> o fc. 
[0 0 8 6] -f *>ttXUfc«tfcRfii!«d>«i:t>RH t 

(1) B-2. t?i£^fcckplC. -f^>ffiAbycM+tC^ 
<<OS i -H3S-&<£tjO (M. Doki. H. Watatani. Y. F 
urumura. Proc. oF IEEE VMIC. p. 235(1994). #gg] . 



[0 0 8 7] (2) B-l. *>£ZfB-3. Tj£^fc<fc-3 

*« mn. ^feit ^t. *a. m^tm. v 0 

1.92. No. 369. SDM92-133(1992)p. 89. #BBJ . 
[0 0 8 8] B18IC. &HSOGB57<Z)3!k#<£>®J&tt 
C-P^Tgfl^SBWT. PCT • (120*0. 2g*JE(D$a?a^ 

£$fflft> bfc^m<&^-r. ft-ir mzm^x. &ms 

OGJ$6+©0-HlcKT*'K , Kk:-47 (3500cm ~ x tt 
ifi) ©B88?fiffiS*«&. PCT CTtOiMyDyhL 

(Ar* 20kcV ) SflsSIb. BcMLfcfeffl (A 

r~ 140keV) ^efeHb/i^-pfcfcOtJt^bfc^. W 

[0 0 8 9] (1) ■efcRbTV»fc*-»#«SOGJR6-6PCT 
(2) &KbfcMT-«. 3500ar l ftifi.(O-HlcWr*) 
[0 0 9 0] (3) 5ga®fc*tt5:e5cMbfc^-&v KriSC 

ttttKanTifi&^a^-wi^-rsoTr. pct bxMrt 

a50*3kRoa»*T?*»3&«ilM-rSi: (1) ©<fc-5& 

[0 0 9 1] w±o^s*^, -f *>fcffiA"J-*i:£*e 

CC. H^Wltte («§«*) ) B19C, MOS^t/'' 

wsffluT, tttt****iitmbfcis*-fe«r. ttss 

OGm6<DJt^m*?tt3. 1 -T *>£aAb;&:V* 

-c^7 p 7Xvjaasrj6£bit*tssoG , m6«, is^-s 
mt (.ttMnmiw. 9 ) bx^fc. cinwu m-^ic*^ 

^<-&StlT , /»-5C:t*^ia-CS ; 5)i:#^.e > ns (k. 
Murase. Jpn. J. Appl. Phys. , Yol. 33. p. 1385 (199 
4).*fiU . tncjJLT. £«!)-f*>'(B* . N* , 
F* . P* . Ar*) ^aAbTefeSbfc&MSOG'm 

7t>, tmnrnm. 5 Mic&s^tw^fc. cico 
-cfe^^. ^a. efe , Hstiit#tstsoG'm6 4 , (c:}S@b 

Ttri5^0 J 9ljtfc^^T#IKbTti < i2>g*tfe5 1# 

[0 0 9 2] CD. t'7 • 0 2 0 ~E1 2 5 

flU*t?XTft«. 0 2 0ttWtSSSOGK6JC-f ^->ftA 
$fft>^:V>«^, 12 2 l'tt*WtSISOGK6fh:7y«-f 
>*j£Abfc«-& (tDiSx*^*— ; lOOkeV. H— X 
S:l X10 ls cm- 2 ) . 0 2 2li#«SOGm6 [Zg.&'f 
^->SraAbfc«^- Qmx*Jl>#— ; 80kcV . H-X 
X10 ls cm- a ) . 0 2 3a*«rttlSOGR6 tC7^ 



( 10 ) 
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M*>§aAtfci& Otoiax*;l/*- ; HOkeV, H 
•-Xfi;l X10 16 cm- 2 ) . 12 4ttWtSISOG8I6IC'J 
M^>4aAl/fci^ (Jnitx*;!/*- ; HOkeV, H 
-Xft:l X10 15 cnr 2 ) , 0 2 5tt#^SOGM6lcK 

mii4 4tc*5^-5-?-ntiwii;) 

[0 0 9 3] 0 2 0 !C5ST«fc -5 ^fcSS OGM6IC{BJ 
©mSt>fTfc>n&^*£-fc«, «J-feX#$££bT^&. 
bA>b, 12 1~12 4fC^T«fc-3lC^tKSOGm6lC 

^^->ffiA^fffctafcJS&Jc«, 0 2 5 ic^-r®^:^ 
XvMSA^snfc«^-t|wi^C 'J-tr7,fi%£bTH 
&W. dODi^^e.t>. efcKSOGtt7K«#t8W«M« 

[0 0 9 4] ±IE©A. ~D. (D&gk&S.tibZt&.T 
©<fc-5lC&-5. 9rXSOGK7 04ilifiK:HbT£rF0Z: 

(1) C-H fg*tt«4>-r*. 

[0 0 9 5] (2) S i -0«6©W^ttJtttW/hSlr». 

(3) S i -H»«-«»#ffi-i"*. 

(4) ft£BJft<1>K:jaSbTV>S. 

[0 0 9 6] (5) K"t»0^>yU>^#>HO»OKi 
A/,fc*#£13i© &©-*?&£>. 

(6) $f r >^g>^#>F©Rfc«R+©#*JK ; ?©R.i:D 
2 Hffi«il>36cV>. 

SOGK 7 ©^Sttt t?t>T, -f^>i£ffAl/ft* 
o/S:#«SOGBl6©l8*itfcttUT. KTO^t3J«» 

[0 0 9 7] (1) MgM&Ttt, 800 "CST&JS«4>#fc 
IA. #fll/Tfe*KHX ©J«ft«4>&V>. fib, 

(2) ^XvC !t$Cl/i'*Xh07 5'-»^fl : ) CBBb 

rfc, i; a* ». 

[0 0 9 8] (3) ®St£tt'hS<. *#©2tiatt^&< 
It. 

(1) -f *>££A?*&tt**l*ft<ttS. 

[0 0 9 9] (2) ffiAT-5-f *>\Zti£&1fr. Jfc8^& 

«3. 5 ic&^/t. &msoGm.7 &mm&&M£LTm 

JBbfc«-&. 0 2 (c) lc*-TJ:'5lCtf7 , *-;i'9©flJ 
ffifc&HSOGK7#»H-rs«jfiT*-3T ! b. 13 2 1 

~m 2 5 ic^-r «t 5 ic g -t x^fg^-r* c <t a* < &*? 

s i-cH : , - vfe-tmm. m%%) 



B£5H 7 7 X^KJ:**^* ©#«?«• 3S (4) 

S I-CH a — (BMt) — HO-S i, H a O. CO* T 



[0 10 0] &tC, ±IB©A. ~D. fciiTtf Sit* 

ic. etToftawttic^tiTn^fcjeftfta^a. 02 

6*^12 7 1:, 8rXSOGIR7K:ftttSF--Xjft4> 

[0 10 1] 0 2 8K. &KSOGK7££t*«U— ? 
««© H-X«tt#tt*«T. fib, *r&SOGJg6© 
JRfff*. -f*>tt^Jltb. H-XI;1 X10 ie cm- 2 . 1 
xi0 ie cin- 2 lc^^Ttt2500A^:*O, K-Xffi ; 1 xio 
"car 2 K:-pl^Ttt3000AT&5. F— XS ; 1 X10 14 cm 
- 2 "C«, #ttSOGR®Rff#<jyir>C , bHfc£'4* l J*-? 

[0 10 2] H2 9IC. ekKSOGJK7k:*»t*H-X 

>SEA*8b <*ttSOGJBt6) , K-Xfi;l X10 l4 cm 
- a T?ttC-H© t««»jJ«*<»oT 
H*. Sfc, h'-XS;l xiO"cm- 2 T?ttO-H©t:- 

zK»*^^snT^-5ct^fc*>*. -e-nicstbr, k 

— Xtt;l X10 18 cm- 2 , 1 X10 ie cm- 2 T«0-H©^— 
57 Suites. fcftOfi&tj; £ t 

[0 10 3] 03 Old, eScKSOGK7©^5Q:S»C«fcS 

B^»cv4$tt©^ft$:^-r. s o gk 7 Mjuaa^ 
tticftjrc**::'*:****. •fib. swfflasjfirt. 
[0 10 4] H3ic, famajam©j£^c«t^^^ 

5X-*WttSa*f. SWSOG»7f;ttfc*y9XT»S 

[0.1 0 5] 03 2 C, H-Xfi©a^C«k-5®f^^7 
XvB&fc^T. H-XS;1 xiO"cir a Ttt«*y5 
XvjflgS«T£tt11*#:fc«fcJiMJJiU -f*>i£Afil 

b <wmsoGM6) i:mmm.\zte2>. cn«to, ttak 

:/?Xv»ttSiaLtS-fr*lCl£. tasOGl64 , ©f 

[0 10 6] 03 31C. 3cMSOGM7©XPS (X-ra 
y Photoemission Spectroscopy) X"\i7 h^U (CIS) 2: 

^■f. efe^soGffii74 i fc«c-Cilsl^*3<fcz/c-o^ 

•^^ffi-T-S. dtlJ:0. . ffiiEbfcEI 1 7\Z&V2>t&m 
[0 10 7] Hi. *(7lr>Bi\K.&.Z*9-)V&<D&Ml&* 

(3) tssns. 

*H-S i , C-C, C-O 

(3) 

[0 10 8] 



(4) 



( 11 ) 
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•5. 

(1) efcHSOGJBms, F-Xfi;l xio x8 cnr 2 £U:K: 

[0 10 9] (2) 55cKSOGM7WU-i'@&S«. 
S O 6 £ It^T/h £ < & -5 . 

(4) 5mSOGJ87(2t£ia253tem 5 iCfcO. 
Xv J: Zfi&MW fc <fc o T22{t: b ft ^. 

[oiio] (s) ffiA-rs'T:fr>ffiicft#irr. &ms 

OGJB^O^^tei&S. 5 

(6) &HSOGJB57f CSSti^SlU. gfitlCC-C 

C - O Sr^-T 5 . 

[0 111] (7) &SSOGM 7 #B*SOG 

0 2 6 3 o tc^r^a^ftt^M^-rsfcie) 

tC, ^TO&ffl^t£lCO^TIi^fcii3Jilfti£^3. 
[0 112] 12 3 4 K, WtSSOGfiMetCT^rO-f^- 
>*aAUT^b^ceScKSOGM7€^^7XviC 

-f * > <D H -Xft ft^ft £ tffc £ £ ©^iP^t K -D V>T 
:/$*>>7n— g«*JBv». v-f ^n£x-:/tii;*j ; 10 

oow . #xa ; mm, 7km<z>M.-&U7» Rti : 40 

OPa , $SMU& ; 220X:, «aSB§F4 ; 2. 5min-C*5. B 

wmo&mz* MMi&g. ; 300 ~soo x:. $&jip$isi : 30 

min Sfc, 'f*>^A©Wi^l' ; f- ; 140k 

[0 113] HI 5fcKbTI$iBJbifcct^{C, fftKSO 

'>-T-5. eScKSOGJ^ft&Pfiy^XvlCffibfc 
m&Xb. F— XS;1 xWcnr z <D£-g\zltt\tK>m 

mm'p-rz. ft-^x. mmzr^x^izmvtcmz^ 

S2icKSOGM7comiKaS$:K±-r-5lctt, K-Xtt; 

[0 1 14] I3 5(t 7)Vzt>-< *><£F— Xtt : 1 
X10 ,5 cm- 2 , iJDSSxiM^— ; 20keV <Dm&\Z%>ttZ>¥. 
7*— JU9CDBfMl#?«g£tNSSEM ^T^b/t^SK^ 

g ; 1 xio xB cnr 2 . 1mmx.*J\s¥— ; ?0keY <om&\z& 

[0 115] HI 3 5i5<fctf0 3 6ttt'JtX*mi/T 
V>-5<0K:*tb. 02 3 UffiMx^M 1 — ; 140keY) Tfi 

GJ»7«0«"Kffl*i»it'r-5K:tt, TJPrf>-f ^->(DH- 
Xfi; 1 xiO ls cnr 2 J&Ub, JffliSx*;^- ; 140keV^± 



[0 116] 0 3 7K, 0 1 4^^©^-?^ 0(m 
/e=18)»COHTTDS ffift/fl^TMbfciiiSJIIft^"*-. 0 
1 4lCKUTSl0Jbfc<tp(C, WSOGl7HH 2 O 
(m/e=18)-^CH.,(ni/e=15) (cN'rftJKtt^A:*'^ 

[0 117] 0 3 8:fc«fctf0 3 9 te, £7*— )V9?i\Z 

M ffiT8!8bfc®S&&3j:j|-e&-5. 03 8teWtKSOG 

BS 6 JCT^rf >-f t>^i£AbTW SOGJBS7 
Vtz^ ( H— XS : 1 X10 is cnr 2 ,. JJDj£x*;i/*— ; 
MOkeV) T$S. 

[0 118] 0 3 8l^-r«t-5»C 7 )U=t 

A b& £ « f 7 *— 9 m \z ? y > 7 7 y 

*«!Je>&3;ttTH&V». einii, *T$SOGBl6jJ>e»H 
03 9JC^-T«fc'5»cefeHSOGM7T-«t:7*-;i/ 

z.n\t. 01 4*j«fci^0 3 7^-r.t^ic. 

K7T*BH 2 04»CH.,tc:K|-rsfl5iB(l^>^:V^c«>rS 
[0 119] 04 0H 5fcKSOGffil7^l,^Pit?^ 

[0120] 04 1c. ^>^f>7 r 7^fce7;i' 

= ttfi3J«»J*S tlfc £ 7#— 9 .ft 1 000® -> U — XKSE 
SEbfcli^-<0}6tn:{iiOKeo^ft^-r. 04 1 (a) \t 

*itf7^S«IS»l«l/16:*^ H4 1 (b) tt7JU 
rf W ^->ftffiA UfceScK S O GM 7 \z H7*-)l> 9 *5 

«tr/7;i/5msft^Lfc«^ 041 (c) \t7)\>3 

X^VSSAl/fcSI S O GM 7 \Z \d7*-)V 9 *5«fc 

*-;i/9WitgttO. 7 Mm eScKSOG^7©*i 
•&©J£trifiS«. ^rtSSOGK6C0S-&Offigt{B(Ctt'<T 

[0 12 1] 04 2IC. acMSOGM7+©y>yj> 

Sft^-T. 5kSSOGJK7«t I 0^>yj>^3K>H©S 

[0 12 2] 04 31C. *T$SOG®|6£:300 tTM 

a b fc^ c 7 Ji/ =t >-f * > ft ffi A u xefeK s o gjss 7 fi 
sa. ss^iS^tiTaenx^spE-TEos 

[0 12 3] UA±l¥Mbfc«fc-5fC. BkKs6GK7ftfP 

s-r-5>fc*ic#ts sogi6 tcffiA-r-5-r *>izm b 
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>. #0>-f3->. 7s/*'f;j->. 

n>O^I«*SS«*ffli«*-a:attK. ©V>T*lt>*rLT 
#P>-f^->. ^iil-r^-» Sr^r6StSOGM6lC 

nfc^-ct). ^©Ki&TWg&sn^cittefc^. s 

[0 12 4] (D'J W*>&«fctf 'J>©{t-&4&K :f>l;: 
■3t»Ttt, #«SOGJR6 +©*«■£ U^ijPKJSUT 

awsoGiB7owatt36«*<ja:-5Sft3&«*a. a 

[0 12 5] (Dv''Jn>'*5«fci;->';a>cDft-&^)'r^-> 

ic"3t»Ttt. acxsoGR7ow«tt^n<]&:D. nm 

[0 12 6] ©±IS©~®€:Si:*-5t, tiSOGl 
6fCffiA-r5-f*>iLTtt, 77i«fcWt> 

[0 12 7] #tKSOGJK6lC)3:Ar'5-f^ 
[1] 7 )V=t (^'J^A-f* 

>. ^•^->-r^->. i/ij7'h>'f t>, ^-fey >-r^- 

>. 7HWt» . Tgtt^-ft>f4#»SOGJII 



[0 12 8] [2] #o>i5«fctfg3tkW©in b. IV 
b. Vb, VI b, VII b©&ft©7C*¥#'f 
■tn6©ft^«-f*>. 7 JUS, 

fc'X VX ©5c3Kfli#-f * «fc Zf-Ztl <=> ©ffc^-f * 
>. CCD'tr. *«7C*-f*>K"3(r»Ttt, WSOG 
H7©ft«*tfftT'T«nJIE1£#(&S. L*»U -t©» 
«*©«T»ii:<«36»T»afc*. tticffilD0!tt#©JB 
|IUftlNK!Q«e^dn««^^lcH||»±|Bin!0:Vi. 
[0 12 9] [3] IVafc. Vaft©7cft4Lti"f ^->*«fc 

-tnS©fl:-&*-f5j->. IYa. VaK©7cft©Kfc4tat2 
3eKSOGIR7©Bitt¥£;K<-r« 

[0130] [4] ±E©#-f *>*a»aaii*^to-a- 

£tT©«fc^lc^HUT ! t)«fc<, *©»^Tt>BI«©fPffl 

[0 13 1] (1) »5'U3>*flaR5. 8*, 7"7X 
VC.VDjS6£W.©*j* {'&JECVD8;, MJECVDfc. 
ECR (Electron Cyclotron Resonance) y^XvCV 
Dft. WSCVDffi, TEOS-CVDffi, PVD 

(Physical Yapor Deposition) &f<££) \Z£L-iTJf2l8. 
tZ>. £©Jg£. l&ffiCVDffiT^Stl^tfXfct^E/ 
S/5>t** (S iH* +0 2 ) T*D, AR&KfiMO 

\tt;i'7>tm8nt'&m (s iH* +n 2 o) ~q& 

[0.132] (2) «^y=i>K{fcBt5. 8*. 
cfc tf7fcI?S * jllSrT* tt » lc JJP *.Tjg*&& «fc Ufotm 

iMtJWBv>ttR*t)"3fl6©iftaka <5' | j3>afti. ■> 

VDjfr?»PVDSa:££©J:"5«e*jS6fi:J:-3T»j*UT 

[0 13 3] (3) V— X • FW >«M1 0*3J;Z/BH 
$K2 3*, 7;P5£W©»«ttfl. (M. ^. «, S/U* 

■(TIN) , ^>^X5 i >5 i ^> (TiW) i^i:©^ 

4JJ:rWE-ft6©*JBfllJftT»rit'r«. 
[0134] (4) eScHSOGM7IC^S!igii£:J5(5-r. d 
©S-&. 5fe!^SOGflM7cf©y>^'J>^>r { *^j: 
<&2>ftsf>, SfittiJ«S6l:/hS<i4D, 7K^©Siat) 

[0 13 5] (5) #«SOGflt6©lttJi)t€— #it 

(2) -cat$n«<£>©(cB€r^«. 

(6) WasOGBK6«:-/SSC (1) -C«Sn5«8«5lS 
OGK'lcB*«A, ^■©^SOGM(C-1'^->aA«:fi : 
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5. z<D®&\z\t> ^asoGKtc^inszk^.tt; 

[0 13 6] (7) eScKSOGM7S:^y >a > 

[0137] (8) KKSOGM7^®BHi6SfiIjIlC*5 

(a) #j@0555cKSOGSg6 4JBfi3t-rSffilC^^->ffiA& 

tt. 1 B S coffin ClJii©W$SOGM 6 
tC-f :*>ffiA£fT ^TllS SOG17 £JE2j& 
U 2®le>BEiS§l£ff2j£U ^^T. 2Jgg©ffi 

(C 2 JI a SOG16 K-f t>SA£ 

ff o T 2 H 1 W5S:K S O GM 7 Sr^-T ^. 

[0 138] (b) ±^»eicKSOGM6*^L,fc^-e 
— fiSUT-f :*>i£A£fT5. 01*. tf, 2i©atlSOG 
M7 ZBtfLTZmGlzlt. lBS©Ei6l±tClBlcD# 
t£SOGJ8l6£^/£U 2JI§©ge$i£JB2f£U 
^^T, 2mB<Dmm±\Z2mB<Dl€$lSOGffi.6&M 

tin,, mmz. T/nxma^jry&x&frvzLt 
t. ijBi*«ttf2jBio#ta'soGjR6*-tn-fnasc 

KSOGm7fC-r-5. 
[0 13 9] £t±. &&MMM\z^TmAlsfztf. % 

m&mmfr zfcM^gzmxm&Lftv&Wi&miz^^T 
c-f) »**i~5©^-rn*>i3afcE«©¥®#SE 
/«rsi§t. WEsoG«o±HK:ieau)is»j*"r* 

[0 14 0] (D) §S*iI6(C|H©<D*«i*:gEIZ*3^ 
T, i»ESOG©THfc#J*Sttfc*6«Ki:. flWBSO 

[0 14 1] 

1) SOGJKC$£n&*£&&tf2Ktt£&tt4>£l*5 
[0 14 2] 2) SOGR£&£ttS*tt/$£-£ftJBS 

[0 14 3] 3) ¥£tt(Cffin, #-fX>Kh:7 , fc£© 

basest* c: hffi*iM£iam6Mm&toz.it¥m* 



[0 3] %2$tt&ffia3tiI#&€nH?Sfctt4>*EM} 

mmm. 

[04] fl5 2SBK»ffifl!)«Jfc&S*ttWr*fc»©«l« 

®r®0. 

[05] sb i. 2safi»j8«»wr*fcftof*ttH. 

[0 6] ^1. 2^Jgfli£KlJ»rr*;fc«&©«ftt0. 

[0 7] Sl. 2StBte»ffi*ttWr**:*0«ttH. 

[0 8] JB1, 2|^#iB«KiIirrsfc«&©ttttlS. 

[0 9] S51. 2^#ffi*8HPi"rSfc«>©l*ttlS. 

[010] si, zmm&m&uwTzrzitxnm&m. 
[011)^1, 2^»ffi*8Mri-*fc*©«ttH. 
[012] si, zmm^m^wimir^itxDm^m. 
[Hi3]fsi. 2*afi#iB*tt9i-*-**:*©4*ttH. 

[014] SI. 2JOfi»«H6ttWra*:«&04*ttH. 

[015] SI. 2^Jf^£i&W-r*fc&© i 8tt0. 

[016] Si, 2*ifi#«£Rfl'r*fc»©WSH. 

[017] SI. 2&JS#ffiSK9|-*-*Jfc*©4*ttH. 

[018] si, 2^#iBssiWT*&»©«ttH. 
[019] si. 2*a6H«B*K9i?-*fca©i*ttH. 

[02 0] Sl. 2^$fi©7VW:*©MnBttffi£w 
[0 2 1]Sl. 2*afi#*©5W*©WlHtt»*iR 
[0 2 2 ] S 1 . 2 jiai»«07 s A'f 7. ©Kf®tfc<!g£^ 
[02 3] Sl. 2^»»©x/Vf*©sraM*ffi*S 

[024] Sl. 2jaS#aB©7W;*©WiBttaBSjR 

[02 5] Sl. 25IJ6^«>xA'f^©»fBttSiS^ 

[02 6] Sl. 2*il»JB*R9if*fc«e>0«ttH. 

[02 7] Sl. 2«K»ffl?fcBl?8-r«fcft©19ttH. 

[02 8] Sl. 2*»#ffi*8HB-r*fc»«>1*ttH. 

[02 9] Sl. 2|5J6}gffi&8ftK-r-5fc«e>ro#ttH. 

[03 0] Sl. 2S*afi»JB*»19i-r**:«>©1*ttH. 

[03 1] Sl. 2Sttfi»»€KWr*3t»©«ttH. 

[0 3 2] Sl. 2jOfi#ffi*tt91'j'*fcae>©«ttH. 

[03 3] Sl. 2affl6»ffl*BlP-r*fc«»0»ttH. 

[03 4] Sl. 2«*»tt*ttW"J"*fc*0«ttH. 

[03 5] Sl. 2SU6»ffi©5 s W*©*rffittflB£« 

[03 6] Sl. 2|«#»©7W;*©«Hi:Rffl£a« 

[037] Sl. 2**»a*Si9!T*fc»©«ttH. 
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[@39] 11, 2MMMm<» : fK'1 XVSJiMVtmZTK 

[04 0] n, 2%mmm<D7 : n-(7.<owim^m^ 

[141] 11, 2$tMBm&WLW?ZtztbV>®&m. 



[0 4 2] 11. 2 5gM^*i»?«rsfc4i)©^t40. 
[04 3] 11. 2S£5£jgai£tft0JT*fc#<£®f40. 
[04 4] ft&m&%lW?2>tilt><D<®&m. 
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